Self-organizing map (SOM) is applied to deal with missing daily rainfall data with different rainfall patterns in Peninsular Malaysia. In this study, stations from Damansara and Kelantan are focused and aimed to evaluate the effectiveness of SOM in clustering and imputation of missing data. The missing data that are imputed by SOM are evaluated by computing the mean square error (MSE) and coefficient correlation(R). Besides, the effects of the imputed data to the mean and variance of the rainfall data is also been observed. The clustering analysis showed that all the stations in Damansara are grouped distinctively, and having a good and even distribution of rain intensity as compared to Kelantan. Meanwhile it is also found that SOM is an excellent tool in estimation of missing data.
INTRODUCTION
Missing data is a repeated problem encountered by most of studies especially in hydrology. Data are missing due to erroneous when sampling, insufficient of samples obtained, or problem in recording. Initially, the hydrologists usually used the methods of nearest neighbour weighting and inverse distance weighting method (IDWM) to impute the missing rainfall. However, the results reached the accuracy if there have a significant impact of neighbouring stations to the target station and when the data size is small (Teegavarapu and Chandramouli, 2005) .
Self-organizing map (SOM) is a recent method that frequently applied in most of the hydrological studies. Kalteh and Hjorth (2009) used SOM to construct a complete database of runoff prediction in Northern Iran. Multiple imputation, multivariate nearest neighbour, multilayer perceptron (MLP) and means of SOM are the imputation methods used to estimate the missing data. Meanwhile, Koikkalainen and Horppu (2007) employed mean imputation; simulated randomness and donor imputation after the data are trained by TS-SOM (Tree-Structured SOM). Furthermore, Teegavarapu and Chandramouli (2005) explored the effectiveness of SOM by comparing with other classical methods like inverse-distance weighting method (IDWM). While, study of Juininen et al. (2004) used univariate (linear, spline and nearest neighbour interpolation) and multivariate (regression-based imputation, MLP, self-organizing map (SOM)), and a hybrid model to the air quality data sets in the APPETISE database. In Malaysia, there are also some studies that used artificial neural network (ANN) as in Ismail et al., 2010; Bustami et al., 2007; Talib and Abu Hasan, 2007. In particular, Marlinda et al. (2008) demonstrated the used of SOM with nearest neighbour imputation (NNeigh) in filling the missing rainfall recording data in Peninsular Malaysia.
Recently, the impact of climatic change causes the varying of rainfall patterns in Peninsular Malaysia. The high frequency of flood due to monsoon and non-monsoon seasons will have significant influence to the existence of missing rainfall data. Therefore, this study will use the SOM algorithm in treating this missing data problem. Besides, the clustering analysis by SOM on the two river basins namely Damansara and Kelantan, Malaysia also will be examined. The results will be discussed in Section 4.
BASIC OF SELF-ORGANIZING MAP
The well-known type of SOM used is Kohonen network which maps the input vectors onto a discrete map of 1 or 2 dimensions. Generally, it is a topologically ordered network because the input vectors are close to each other in the map. Kohonen network consists of a grid of output units and N input units. The input pattern with their own weights is fed and connected to the output unit by a small random numbers. As iteration increases, the winning output node is obtained and this node is actually a weight vector that has the smallest Euclidean distance to the input pattern. In addition, the weights of every node in the neighbourhood of the winning node are updated and this will move each node in the neighbourhood closer to the input pattern. At the same time, the learning rate and the radius of the neighbourhood will decrease as time increases. Finally if the parameters are well defined, the network will able to capture the clusters of the input data (Marlinda, 2008) .
Before applying SOM on the rainfall data in Peninsular Malaysia, it is needed to process the data in order to fit the nature of SOM system. Normalization is important to ensure none of the variables used overwhelm the training result. The algorithm is then started by the initialization of random weights to each node. Batch algorithm is used in the training since it will process the whole data set to the map iteratively. Next, the SOM will search the best matching unit (BMU) by computing the Euclidean distance to the input vector. (2) where W is weight vector. The determination of the node that are within the BMU`s neighbourhood is made by calculating the radius of the neighbourhood, σ(t) and it will decrease over time as
where σ 0 is initial radius. As time increases, the weight vector of every node within the BMU`s neighbourhood are also needed to be adjusted by,
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where r is the distance of a node from the BMU, W(t) is the weight, L(t) is the learning rate, ) (t  is the amount of influence a node`s distance from the BMU has on its learning, and V(t) is the input vector . The effect of learning rate will be lowered as it is proportional to the distance of the node from the BMU. The process will be trained until maximum iteration is reached.
In this study, Neural Network toolbox from MATLAB 2007 is developed accordingly. The rainfall data from Damansara and Kelantan are separated into testing data with no missing data and validation data which comprises of some missing data respectively. The training data will be used in the SOM training process meanwhile the validation data is used to evaluate the performances of SOM. By trial and error, the most suitable map size is 25x25.
STUDY AREA
Daily rainfall data of the 23 stations are obtained from the Department of Irrigation and Drainage (DID) Malaysia. Kelantan river basins are located in the eastern part of Peninsular Malaysia with annual mean rainfall from 2,032mm to 2,540mm. North-east monsoon is the main factor that contributes to heavy rainfall to Kelantan that occurs from November to February. Meanwhile for Damansara river basin, the most important urban centre is situated here. The rapid development in the last 50 years caused the agriculture lands to be converted into townships which consist of commercial and industrial areas. Heavy rainfall normally happened in Damansara during the inter-monsoon season which usually occurs from March to April and from September to October. 
RESULTS
The quality and the performance of SOM to the missing rainfall data in Damansara and Kelantan are evaluated by using visualization analysis and by computing the mean square error (MSE) and correlation coefficient (R).
Clustering Analysis
Self-organizing map (SOM) is always used to visualize the relationship between the data given and clustered the data with similar characteristics. The blue colour in the maps represents the dry days or no rain, meanwhile the red colour represents the high rainfall intensity or heavy rain. In other words, the cluster of similar characteristics and properties will be visualized by the colours. In the process of SOM, it will generate a matrix where each entry is the Euclidean distance (in input space) between neighbouring representatives, and known as U-matrix (Izenman, 2008) . It is also an image of the combination of data distribution obtained from the variables used in the analysis (Marlinda, 2008) . Figure 1 shows the component planes of the stations in Kelantan. The upper-left of the component planes is the Umatrix and the "components" are actually referred as the stations in Kelantan areas. The colour maps show that all the stations in Kelantan are exhibiting different rainfall patterns from each other. Each neighbourhood shows a significance difference in terms of rainfall amount. It also indicates that the division of homogeneous stations is hard and ambiguous. This phenomenon appeared because Kelantan is an area which is separated from other states by Titiwangsa Range and the existence of second highest peak in Peninsular MalaysiaGunung Korbu. Therefore most of the stations are clearly separated and sheltered by the mountain, and hence the distribution of rainfall becomes unequal and sparsely distributed. Therefore the estimation of the missing values in Kelantan which is based on neighbouring stations may not be accurate and can lead to biased results.
Different from Kelantan, Damansara shows distinct clusters among the stations. In Figure 2 , the component planes are arranged into three groups that correspond to three spectral bands. The component planes show that the stations from Sri Aman to Sea Park, Yuk Chai, Dsara Utama, Tropicana Golf and Dsara Jaya (1 group) are different substantially between Taman Sea (1 group) and Sg. Penchala (1 group). Within each group, there are some differences between each station but it is not significant when compared to each spectral bands. In short, the clusters are actually considered as fairly separated and distributed. This is because Damansara is an urban area with the most densely populated in Peninsular Malaysia, and Table 2 shows the quantization error and topographic error. Topographic error used to estimate the complexity of the output space (Marlinda, 2008) meanwhile quantization error estimated the closeness of the best matching unit (BMU) to the input data. From the results obtained, Damansara is having small quantization error when compared to Kelantan. It is also shows that the BMUs produced in Damansara are the optimum and close to the input data with minimum error. Table 3 exhibits the results of mean square error (MSE) and correlation coefficient (R) of the SOM imputation. The performance of SOM in estimating the missing data in Damansara has show encouraging results. In particular, the errors produced for stations in Damansara are lower and the correlation coefficients (R) are also comparatively higher when compared to stations in Kelantan. This is because the estimation of missing data in Kelantan is quite complicated due to the topological influence and the impacts of distance and elevation. That has consequently results in higher MSE and R produced by SOM. Figure 3 and 4 illustrate the comparisons between the estimated values from SOM and observed rainfall data in Kompleks Fas, Damansara and Brook, Kelantan respectively. Based on the graphs obtained, it is verified that SOM is able to predict the data accurately even when the rainfall amount is at the maximum. Table 4 summarises the confidence interval of mean and variance while Table 5 describes the descriptive statistics of Kelantan and Damansara after the imputation of SOM and without imputation. The evaluation is carried out by observing the mean and variance of the imputed data to the confidence interval of the rainfall data with missingness. The results show that SOM is working efficiently and effectively in dealing with missing rainfall data in those two river basins. All of the mean and variance from the imputation data by SOM for Damansara and Kelantan lie within the confidence interval of the mean and variance of the data without imputation. Therefore, we may conclude that SOM is a good tool in clustering and estimating the missing rainfall data with different patterns and characteristics.
Accuracy Of Som

CONCLUSION
The SOM can be reliably applied in most of the hydrological study, especially in dealing with missing values on rainfall data. In this study, daily rainfall data of Damansara and Kelantan are used. Self-organizing map (SOM) is then applied to identify the relationship between stations, to cluster stations with similar characteristics, and to impute the missing rainfall data. The results showed that the patterns and distributions of Kelantan and Damansara are different from each other due to the geographical locations of the stations and the effects of monsoon. Damansara is the only area which has a fairly and evenly distribution of rainfall amount. Besides, the clustering in Damansara is also distinct and therefore the application of SOM in dealing with missing data becomes effective and efficient. The quantization and topographic errors of SOM is found to be at the minimum when applied to Damansara data.
All stations of different areas are compared by computing the mean square error (MSE) and correlation coefficient (R). Besides, the descriptive statistics after the imputation of SOM are also compared. The results indicated SOM is a good estimator as the errors produced is low, especially applied to data in Damansara. Moreover, the mean and variance produced by the data after SOM imputation are also located within the confidence interval of the mean and variance from the data without imputation. Therefore, it has a strong basis to prove that SOM imputation on missing rainfall data are very strong and highly reliable, even in an uneven distribution of rainfall amount as in Kelantan.
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